Introduction 6 8
Transcriptomics is rapidly evolving from a focus on novel gene identification to resolving structural 6 9 gene details. The transcriptomes of better-studied organisms, such as Drosophila, mouse and human 7 0 have been updated to accommodate for this transition [1] [2] [3] . However, for less well characterized analysis and genetic variant annotation in the horse. library and total number of fragments and bases provided by each tissue library can be found in Table 1 . The overall average mapping rate for Tophat2 was ~83% with concordance rates ranging from 29% to 1 1 0 89% (average 75%) for paired end libraries. Concordance rates seem to be affected by the type of 1 1 1 have a comparable sensitivity to the Hestand transcriptome, which could be explained by adopting strict 2 7 0 filtering approaches in both pipelines. However, the numbers of unstranded and multi-exon transcripts in 2 7 1 the Hestand transcriptome relative to our refined version serve as the more discriminating statistics. We have approximately six fold less unstranded transcripts and more than double the multi-exon transcripts 2 7 3 (Table 2) . Regarding how our transcriptome compares to the other recent equine ISME assembly [5], 2 7 4 which is ENSEMBL annotation guided, we have three times more matching transcripts to the ISME 2 7 5 assembly than to the ENSEMBL annotation itself (Figure 2A ), suggesting significant improvement made by the ISME annotation. However their improvements are impaired by false inflation in the 2 7 7 number of genes identified due to presenting most of the transcripts in two copies representing the 2 7 8 1 2 forward and reverse strands. This inflation of the ISME annotation can explain why it has different 2 7 9 statistics from Hestand as well as our new transcriptome. Hestand et al (2015) also observed a bias 2 8 0 towards single exon genes, which represented approximately 55% of their whole transcriptome [7] . Our 2 8 1 native assembly identified similar percentage of single exon transcripts, however those numbers went 2 8 2 down to 20% after filtration of single exon pre-mRNA. Our statistic, complex loci, also highlights a 2 8 3 level of sensitivity as well as an area for further investigation in our transcriptome. We have more than 2 8 4 two times more complex loci, using NCBI as a reference, than Hestand. The inflated ISME complex loci 2 8 5 numbers could be attributed to the double reporting of their transcripts. Awareness of these complex 2 8 6 loci allows for refinement of transcriptome-wide gene structure, while a pipeline to appropriately 2 8 7 process these loci has yet to be established. The evaluation of these alternative descriptive statistics 2 8 8 permits comparisons with transcriptomes that have pipeline-specific limitations. Accurate identification of UTRs is often difficult for ab initio programs and requires sufficient 2 9 0 support of transcription evidence. Our integrative analysis of several tissues using different library preps 2 9 1 enabled us to achieve unpreceded extension of equine transcripts' UTRs by an average of 3.3 kb per 2 9 2 transcript. Indeed high coverage of CNS tissues in our analysis was an important factor as reported 2 9 3 previously with several transcriptomes [20] , [21] and [22] . Further improvements to this transcriptome 2 9 4 would include providing tissue-specific UTR lengths and allowing for a more clear depiction of 2 9 5 differences in gene structure between tissues. The improved UTR structure provided by our 2 9 6 transcriptome has already shown its utility in the horse community by defining isoform and gene 2 9 7 boundaries of MUTYH and TOE1 [23] as well as providing an alternative start exon for CYP7A1 [13] 2 9 8
The distinct RNA-seq libraries from eight tissues,allow us to extract tissue-specific features 2 9 9 regarding gene expression, isoform usage and mitochondrial gene expression. Tissue specificity, in 3 0 0 terms of gene expression, was demonstrated on two levels, first as biases in exon usage, especially one 3 0 1 and two exon gene expression in the embryo ( Supplementary Table 3 ). Second, gene clustering and cumulative expression values ( Figure 3B ) as well as comparable splicing rates (Table 3 ). Three tissues: 3 0 8 retina, skin, and embryo, had shorter read lengths and were not prepared as stranded libraries and thus 3 0 9 these data may be artificially understated in terms of transcriptome complexity. In addition to the show how much of the sequencing resources are being allocated to genes of mitochondrial origin. between the amount of mitochondria processed in a sample for RNA-seq and the resulting mitochondrial 3 1 7 expression loads would be beneficial to understanding how much of the transcriptional output is We identified 7494 candidate novel transcripts. These novel transcripts are selected based on 3 2 0 having no overlap with genes in current equine annotation and authenticated by their protein-coding 3 2 1 ability and/or overlap with aligned non-horse genes or ab initio gene predictions. Our novel transcripts of Category II, in which a majority of these novel transcripts contain two exons ( Figure 4C ). The Category I novel transcripts highlight the deficient equine ENSEMBL annotation, the need to pool the 3 2 5 databases to get the most transcriptome coverage and the ability of our transcriptome to capture the 3 2 6 potentially rare novel gene models ( Figure 4A ). Despite the ORF requirement for Category III novel 3 2 7 transcripts, there is an obvious enrichment for single exon transcripts and a marked reduction of total 3 2 8 transcription level ( Figure 4C ), which is indicative of non-coding RNA. Our novel gene analysis also 3 2 9 produced a category of novel transcripts that were removed due to not having ORFs and were presumed 3 3 0 to represent noisy transcription relating to primary transcripts, repetitive elements, sequencing errors and version of our transcriptome merged with NCBI and ENSEMBL annotations achieves breadth not 3 4 0 covered by our tissues. These transcriptomes as well as the pipeline to make each of these 3 4 1 transcriptomes are publically available on our GitHub repository. By making the workflow public and 3 4 2 easy to execute and manipulate, we aim to expand the spectrum of tissues embodying this transcriptome have the exact intron chain, despite differing terminal exons (class code "="). If the transcripts are not 4 0 1 matching but sharing one or more splice junctions (class code "j"), these would be considered similar supportive evidence from the other or any other public assembly [5, 7] were in the first category of 4 1 7 novel transcripts. Supportive evidence is defined as any overlapping with exon sequence (Cuffcompare 4 1 8 class code "=","j","o","x" or "c"). The second and third categories of novel transcripts required that the 4 1 9
transcript be absent in all current equine transcriptomes. Transcripts in the second category have 4 2 0 supportive evidences in non-horse alignment gene models or ab initio gene prediction tracks from the 4 2 1 UCSC genome browser. The third category of novel transcripts included transcripts that lack such 4 2 2 evidence but have ORFs. Tissue-specific transcriptomes were generated by back-mapping the input trimmed RNA-seq 4 2 7 reads with Salmon [30] to the refined version of the transcriptome to obtain expression information on a 4 2 8 tissue-specific level. A transcript is considered expressed in a given tissue if it has a TPM more than 5% values were below the Bonferroni-corrected threshold (5% experiment-wide). All consent for publication is available The data including the scripts for the pipeline as well as the GTF files for the transcriptome can be found 10.5281/zenodo.56934). All sequencing reads used in this study have been submitted to NCBI Figure 1 . An outline of the workflow used to generate each version of the transcriptome. Transcriptome products are in ovals. Programs used to perform various steps are indicated in parentheses. All transcriptome versions and the pipeline scripts are publically available.
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